Many rather diverse treatments of this subject have appeared. Landsberg first introduced a thermodynamic approach based on minimizing the free energy. ' Then Guggenheim suggested a method in which the equilibrium distribution function was written directly in terms of the absolute activity (Fermi level). Guggenheim's approach was essentially equivalent to formulating the problem in terms of the grand-partition function (GPF), and this formulation was then further developed and used by Landsberg, Teitler and %allis, ' Clark, " and others. Different approaches have been utilized by Champness' and Shockley and Last. ' In spite of these excellent past efforts, we feel that a unified treatment, tying together the various results in the literature, as well as generalizing them, is lacking. In this paper we start from the familiar principle of maximum probability and derive general results, which are then used to obtain the following specific results: (1) free-electron and hole concentrations, (2) The total density of electrons in the conduction band (CB) is then
where 8'k is the energy difference between the occupied and unoccupied states in the kth energy in-.
terval, n, is the total Ilumber of electrons, and 8', is the total energy. Note that in Eqs. (2) - (4) 
nk, +2nk2+ g l'nkI =n, ,
where Eq. (10) Fig. 1(c) , in which gp = 6!/5! 1! = 6 g 1 = 6!/4!2! = 1 5, and g2 --6!/3!3!=20. Therefore, go+1 in this case. 
III. APPLICATIONS
In this section me mill use ihe above results to derive, and in certain cases generalize, a number of formulas mhich exist in the literature. One purpose is to enhance the applicability of some of these well-known results for the general researcher. Also, we will consider negative-U centers in some detail.
A. Conduction and valence bands
The total density of electrons in the conduction band was already derived [Eq. (8)]. Similarly, the total density of holes in the valence band (VB) may be obtained from Eq. Equation (40) Fig. 1(b) . It must also be assumed that the tao-electron state lies at a much higher energy.
D. Mass-action 1am
The mass-action law has often been used as a starting point in the discussion of multivalence impurities or defects. ' This law can be derived immediately from Eqs. (32) 
E. A formula derived by Brooks
Centers with two charge states are often discussed in terms of a formula derived by Brooks. * The derivation, however, was not published. The two-charge-state system is described by Eqs. 1+a +b I+ab -'+b ' 1+a +b 1+a +b
For an impurity in an s state (or a state with aõ rbital symmetry), go --gq --1, g& --2, so that
Brooks did not write his formula in terms of the gI' s, but only for two specific situations, one of which gave Eq. (50), and the other of which gave factors of four in front of the exponential terms.
In this latter case we would need go --g2, and g& --go/2; a possible state which would lead to this result is shown in Fig. 1(d It is assumed that exp8'/kT &g l if 8'~2 kT. 
